Temporal summation of ''second pain'' (TSSP) is considered to be the result of C-fiber-evoked responses of dorsal horn neurons, termed 'windup'. This phenomenon is dependent on stimulus frequency (P0.33 Hz) and relevant for central sensitization and chronic pain. Previous brain imaging studies have only been used to characterize neural correlates of second pain but not its temporal summation. We utilized functional magnetic resonance imaging (fMRI) in healthy volunteers to measure brain responses associated with TSSP. Region of interest analysis was used to assess TSSP related brain activation. Eleven pain-free normal subjects underwent fMRI scanning during repetitive heat pulses to the right foot at 0.33 and 0.17 Hz. Stimulus intensities were adjusted to each individual's heat sensitivity to achieve comparable TSSP ratings of moderate pain in all subjects. As predicted, experimental pain ratings showed robust TSSP during 0.33 Hz but not 0.17 Hz stimuli. fMRI statistical maps identified several brain regions with stimulus and frequency dependent activation consistent with TSSP, including contralateral thalamus (THAL), S1, bilateral S2, anterior and posterior insula (INS), mid-anterior cingulate cortex (ACC), and supplemental motor areas (SMA). TSSP ratings were significantly correlated with brain activation in somatosensory areas (THAL, S1, left S2), anterior INS, and ACC. These results show that neural responses related to TSSP are evoked in somatosensory processing areas (THAL, S2), as well as in multiple areas that serve other functions related to pain, such as cognition (ACC, PFC), affect (INS, ACC, PAG), pre-motor activity (SMA, cerebellum), and pain modulation (rostral ACC). Ó
Introduction
Tonic impulse input over C-fibers and consequent temporal summation (TS) of dorsal horn (DH) neuronal responses, termed 'windup', can induce and maintain central hyperalgesic states that accompany persistent pain conditions (Dubner, 1991; Gracely et al. A brief nociceptive stimulus, like a heat tap or electrical stimulation of A and C axons, can evoke two distinct pain sensations called, 'first' and 'second' pain (Price, 1972; Price et al., 1977; Vierck et al., 1997) . First pain is an immediate sensation, whereas second pain occurs up to two seconds later and can be a dull, throbbing, or burning sensation. Second pain also often lingers beyond the brief stimulus that evokes it. Repeated
